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CHAPTER I
INTRODUCTION
DESCRIPTION OF WEAK CALF-LAMB SYNDROME
Dr. JoKo Ward, a Montana veterinarian, recognized an apparently
new disease of cattle in 1963 in the Bitterroot Valley of Montana.
This disease was characterized by abortion and weakness of calves and
soon became known as the "Weak Calf Syndrome" (43).

In subsequent

years this disease was recognized in eastern Montana, Idaho, Wyoming,
and parts of Alberta, Canada.

A similar disease was described in sheep

by Dr. S.E. Taylor, a Stevensville, Montana, veterinarian (39).
Losses from the disease have been as high as 85 percent in some
instances.

The significance of the disease on the economy in the

Bitterroot Valley is apparent.

For example, on otie ranch in the Bitter-

root Valley with 1,600 head of cattle, the estimated loss from this
syndrome alone was $23,000 in 1969 (44).
A virus associated with the cattle disease has been isolated
in this laboratory and an apparently similar virus has been isolated
from sheep„
important.

The identification and characterization of this virus is
If the virus is found to be the etiologic agent of the Weak

Calf Syndrome, classification will aid in understanding the epizootiological and immunological aspects of the disease.

If the virus is

not the etiologic agent, characterization is important since the virus
has the capacity to transform cells in tissue culture.

1

In vitro
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transformation of cells has been associated with in vivo oncogenesis.
The presence of a virus in calves and lambs with oncogenic potential
merits further investigation.
The studies presented in this thesis were undertaken in an
attempt to obtain information regarding a virus which may be the etiologic agent of the Weak Calf Syndrome.

History
The disease was first recognized in 1963 on a ranch in the
Bitterroot Valley near Hamilton, Montana.

It was noticed that a large

number of calves were being bom dead or in a weakened condition.
of the weak animals died within a few days after birth.

Many

A compre

hensive series of tests was conducted in an attempt to discover the
cause of this problem.

Among the tests performed were attempts to

isolate from affected fetuses and calves a bacterium or chlamydium as
a possible etiologic agent, analysis of feeds to determine protein and
nitrate contents, and necropsies of all aborted fetuses and calves
which died shortly after birth.

In addition, the literature was studied

and certain immunological aspects of the disease recorded (44).
Although attempts at isolation of a bacterial or chlamydial
agent from afflicted animals were negative, it was concluded that the
problem was caused by some infectious agent.

This conclusion was based

in part on the fact that dams were usually affected only once and
apparently developed immunity thereafter.

The nutritional factor was

readily excluded when feed analysis indicated that the cattle diet was
adequate when necessary vitamins and minerals were supplemented (44).
It was noticed that a number of the calves affected with this
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disease were very weak at birth and were unable to rise.

A name,

"Weak Calf Syndrome", was coined by the Bitterroot Valley ranchers as
they became familiar with the disease.

Clinical Description
A clinical picture of the disease was compiled over a period of
years from examination of hundreds of affected animals.

The most con

sistent findings were hemorrhages and/or edema of the extremities„

In

some animals these lesions.were found on all legs while in others two
or three legs were affected.
bilaterally.

The leg lesions nearly always occurred

Hemorrhages in the esophagus, trachea, thymus, and spleen

were frequently found in affected animals.
was atropic.

In most cases the thymus

The suprascapular and prefemoral lymph nodes were

enlarged and edematous.

The "muzzle" and lips usually showed a bright

orangish-red erythema and the gums were purplish.

It was often possible

to detect affected calves from a distance by observing their bright red
"muzzles".

On occasion calves with the disease could be identified by

an examination of their blood.

White blood cell and differential

counts often revealed mild to severe leukopenia at birth shifting to
leukocytosis after a week (43).
Ranchers who experienced the syndrome in their herds noticed
that calves sometimes froze to death in rather mild winter weather
(40°F)„

The fetlock joints of these calves were often visibly swollen

and edemous.

Even calves which were not fatally striken exhibited

stiffness or arthritis of the joints.
Apparently related to the syndrome was an increased suscepti
bility to secondary bacterial enteritis leading to diarrhea or scours
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which in turn may have been directly responsible for the extreme
dehydration observed in some animals.

Dr. Ward was consistently able

to isolate Escherichia coli from these animals and felt that this
organism was responsible for the secondary symptoms (44).
With the application of special attention, including heat lamp
treatment, milk, and intravenous injection of electrolyte solutions,
some of the less severely affected calves survived.

As these animals

matured, they were smaller than apparently normal mates of the same age
and breed.

This difference in size between the affected and the normal

animals resembled a condition known as "runting" and has been examined
in some detail in rodents (3, 47).

One of the ways of inducing runt

disease in rodents is by removal of the thymus at birth (22, 25).
This leads to a lowered weight gain in these animals as compared to
those of a control population, and to an increased susceptibility to
bacterial infection (22).

As previously mentioned, the thymus of the

affected calves was usually smaller than those found in normal animals*
This condition, combined with the approximately 30 pound weight loss
in recovered animals, and the increased susceptibility to secondary
bacterial invasion presented striking similarities to the runt disease
syndrome described in mice.

Immunology
Over a period of years it was noted that once a dam had aborted
or given birth to a weak calf, she seemed to be resistant to the
disease and gave birth to normal calves in subsequent years (43)„
There appeared to be exceptions to this general rule but these instances
were rare.

Protection of the calf appeared to be derived from passive
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immunity obtained through the colostrum of the dam (39, 44)„

The calf

itself apparently had no immunity to the disease in utero, and the anti
bodies obtained passively did not prevent female calves from giving
birth to diseased offspring when mature.
The observation that long term immunity was common in animals
which had given birth to weak calves suggested that transfusions of
whole blood from immune animals to affected calves might be of value
in reducing the severity of the disease.

Whole blood treatment was

found to be effective in saving 75-85 percent of the calves treated.
Later, serum from immune cows was used.

Serum was found to be some

what less effective than whole blood but was easier to store and
administer.

Purified gamma globulin was about as effective as serum

when administered intraperitoneally (43).

Epizootiology
Inquiries at ranches in the Bitterroot Valley revealed an
interesting epizootiological picture-

Some ranches in the valley had

never lost calves due to the Weak Calf Syndrome,,

No replacement

heifers had been imported to these ranches for a number of years6

On

adjacent ranches, where replacement heifers had been imported over a
period of years, the disease was invariably present-

The loss rate

from abortions and weak calves ranged from 5 percent to over 80 per
cent o

This percentage was influenced by a number of factors, including

the weather at the time of calving, herd management procedures, and
the general health of the herd«

Once the disease became established

in a herd it appeared to remain enzootic.
In 1969 Montana experienced a severe winter.

Calf losses during
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the winter and spring of this year were very high.

It was during this

winter that Dr. S.E„ Taylor, a veterinarian from Stevensville, Montana,
noticed a disease in the sheep on his ranch.
to resemble the calf disease.

In many aspects it seemed

For example, a small percentage of the

ewes aborted and many gave birth to weak lambs.

There was a high per

centage of affected animals which showed subcutaneous lesions in the
hocks.

These were usually bilateral in nature.

In addition, blood

counts taken of the weak or dying lambs revealed severe leukopenia,,
The lambs showed an increased tendency toward secondary bacterial
infection, such as navel and joint ill.

Weaning weights in the affected

lambs were decreased approximately 25 percent (39).

Antibiotic Therapy
Initial observations by Dr. Ward indicated that broad spectrum
antibiotics might be an effective means of controlling the disease.
As a result of this observation antibiotic feed trials were instigated
in the fall of 1969.

A blind test using aureomycin (chlortetracycline)

and sulfamethazine in the feed pellets of pregnant heifers was
initiated.

Results of this study indicated that there was no reduction

in the incidence of disease in the heifers fed antibiotics (44).

Dr„

Taylor also experimented with oxytetracycline in pregnant ewes.

These

animals derived no apparent benefit from antib iotic treatment.

Lambs

were also unaffected by the broad spectrum antibiotic therapy (39).
It was concluded that the disease was refractory to antibiotic treat
ment.

Antibiotics such as penicillin were used to advantage to help

combat the secondary bacterial infections which often accompanied the
disease (39)„
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Initial Virological Studies
Conclusions from the antibiotic trials plus the consistently
negative results of attempts to isolate bacterial and chlamydial
agents suggested the possibility that a virus might be involved in the
disease syndrome.

Consequently Dr. Ushijima instituted a program

directed toward isolation of a viral agent.

The procedure involved

trypsinization of kidney from an affected calf and growing the cells in
culture flasks.

After monolayer growth had been attained, cells from

the cultures were passed onto slide tubes.

At this point fecal sample

material from infected animals was added to the slide tubes with approp
riate concentrations of antibiotics.

The attempts at isolation from

fecal material were prompted by the diarrhea displayed in a large per
centage of the calves.

Slides were incubated at 37°C for 1 week and

then stained in hematoxylin and eosin.

Results from these initial tests

showed the presence of eosinophilic, intranuclear inclusion bodies
characteristic of certain viruses.

These inclusions were present in

cells infected with the fecal material and also in control cells.

Dr„

Ushijima believed that these inclusions resembled those of the cyto
megalovirus, a member of the herpesvirus group.

Cytomegalovirus is also

known as salivary gland virus, due to the fact that it can be isolated
from this gland (42).

Because of the similarity of the inclusion bodies

present in the kidney cultures from infected calves to those induced
by cytomegalovirus, and the fact that the affected calves often showed
signs of loss of control of salivary function, salivary gland tissue
was cultured from infected animals.

Without fail these cultures

revealed eosinophilic, intranuclear inclusion bodies (42).
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Statement of the Problem
The initial goal of this research was to attempt to isolate a
virus from lambs affected with the Weak Calf-Lamb Syndrome.

Addition

ally, the work involved the characterization of the virus isolated from
the infected animals.

It was hoped that a relationship between the

ovine and bovine isolates might be established and that the agents
might be linked to the in vivo disease syndrome.

LITERATURE REVIEW

Agents Resembling the Weak
Calf-Lamb Syndrome Virus
The clinical picture of the Weak Calf-Lamb Syndrome bears some
resemblance to numerous known diseases.

These include diseases caused

by viruses, agents of the psittacosis-lymphogranuloma group (chlamydia),
and mycoplasma.
A common disease of cattle, first recognized in 1950 in Colo
rado, is infectious bovine rhinotracheitis (IBR).
caused by a bovine herpesvirus (46).

This disease is

The IBR virus can be responsible

for a variety of symptoms in infected animals, including upper res
piratory infection and abortion.

Because of the mucosal inflammation

associated with the respiratory disease the common name of "red nose"
has been applied to this condition (48).

As a member of the herpes

virus group IBR virus shares most of its physical and chemical
characteristics.
acid (DNA).

It is composed of double-stranded deoxyribonucleic

The particle size is between 180-250 nm in diameter.

It

is ether sensitive, indicating an envelope of essential lipid (46).
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In tissue culture IBR virus produces type A intranuclear inclusion
bodies as described by Pereira (27, 49).

The virus grows in a variety

of bovine tissues as well as ovine, porcine, and canine tissues.

IBR

virus may be detected by a fluorescent antibody technique as described
by Reed et_ al_. (30).

Other bovine herpesviruses include Allerton virus,

bovine mammilitis virus, pseudorabies virus, and malignant catarrhal
fever virus (46).
Bovine adenoviruses were originally isolated by Klein (15).
They have been recovered from both healthy and clinically infected
animals.

Until recently they have not been linked to bovine diseases.

Experimental infection of calves has now shown that the virus is
capable of producing pneumonitis with some enteritis (5).

Bovine

adenoviruses are somewhat smaller than herpesviruses, about 70-80 nm
in diameter.

They contain double-stranded DNA, are ether resistant and

acid stable (32, 46).

In tissue culture the virus replicates in the

nucleus with the production of type B intranuclear inclusions as
defined by Pereira (27, 28).

Most bovine strains have been isolated in

calf kidney cultures although one strain, isolated in calf testicle
tissue, produced no, cytopathic effect (CPE) in kidney cultures (5).
There are at least 3 and possibly 5 serotypes of bovine adenoviruses.
They are differentiated on the basis of their ability to agglutinate
various species of red blood cells.

All members of the adenovirus group

except avian types share a common, soluble complement fixation antigen
(15).
Reoviruses are found in both ovine and bovine species.
ovine type produces a condition known as bluetongue.

This is

The
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characterized by ulcerative inflammation of the mucosa of the mouth,
nose, and gastrointestinal tract (1, 20).

Bovine strains have been

implicated in calf diarrhea or scours (16).

As a group reoviruses

have a core of double-stranded ribonucleic acid (RNA).

They are between

70-80 nm in diameter and have been shown to be ether and heat stable
(46) „

Most species have the ability to agglutinate red blood cells

(17).

In tissue culture the bluetongue virus grows in lamb kidney cul

tures, producing cytoplasmic inclusion bodies (1).

It has also been

propagated in cultures of human, hamster, and bovine origin.

The

bovine reoviruses grow slowly in bovine kidney cultures, producing CPE
only when inoculated in high concentration.

The bovine strains have

been adapted to porcine kidney, simian kidney, and murine fibroblast
cell lines (16).
One of the more common causes of diarrhea in calves is known
as bovine virus diarrhea (BVD).

The clinical picture of the disease

includes, besides diarrhea, fever and ulcerations around the mouth*
There are necrotic lesions in the mucosa accompanied by lesions in the
hooves, lymph nodes, and elsewhere (19, 41).
disease is a pneumoenteritis syndrome.

Another aspect of the

It is thought that the same

causative agent is involved in both conditions (19).
has been shown to consist of an RNA core.

It is relatively small in

size, measuring only about 40-50 nm in diameter.
sensitive to ether, acid, and heat (46).

The BVD isolate

The virus is apparently

The virus has been success

fully grown in bovine cells but very few strains produce CPE.
Testicular tissue and a cell line derived from embryonic bovine trachea
have proven to be more susceptible than calf kidney to the virus (19).
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In sheep there are several so-called "slow viruses" which are
associated with respiratory infections.

Slow viruses are differentiated

from acute and chronic infections in having a long preclinical period
lasting from several months to several years, followed by a protracted
illness which progresses slowly and usually ends in death (40)*
Two of these slow viruses are progressive pneumonia virus (PPV)
and maedi virus„

These viruses are serologically related to each other

as well as to visna virus, another slow virus causing infection of
sheep (37)„

Both PPV and maedi virus contain an RNA. core.

approximately 60-70 nm in diameter and are ether sensitive.

They are
They

resemble the myxoviruses in some respects but have not been shown to
agglutinate any species of red blood cells (34, 46) „

Originally PPV

was isolated from the lungs of Montana sheep suffering from progressive
pneumonia (37).

It has been propagated in sheep testes (ST) cells,

The eytopathie effects in ST cells include rounding of the cells,
increased refractility, and after 5 days, numerous polykaryocytes and
stellate cells«

Eventually, most of the infected cells fuse into giant

syncytial cells (37, 38)„

Maedi virus has been isolated from sheep

tissues and propagated in cell cultures derived from sheep brain (40,
46).

The initial CPE connected with the in_ vitro infection consists

of multinucleated cell formation followed by destruction of the cell
monolayer within a week after infection (40)„
Organisms of the psittacosis-lymphogranuloma group (chlamydia)
have been linked t© abortion and pneumonia in sheep and cattle (14, 23,
24, 26, 36).

Chlamydia were originally classified as viruses„

Extensive studies- have revealed, that the .organisms differ from viruses
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in a number of respects.

Chlamydia contain both RNA and DNA.

appear to have a cell wall containing muramic acid.
that multiplication is by binary fission.

They

Evidence suggests

The agents are all suscep

tible to tetracycline and some are sensitive to penicillin (1).
One chlamydial agent, isolated from sheep, is responsible for
abortion late in the gestation period.
premature or weak (26).
McKercher.

It also causes lambs to be born

An apparently similar agent has been found by

This particular organism causes pneumonia in sheep (23).

Mendlowski et al. reported a chlamydial agent which was associated with
polyarthritis in sheep.

After isolation and several passages in fertile

eggs the disease was reproduced upon experimental infection of lambs
(24).

In cattle similar findings have been made.

Storz isolated a

chlamydial agent similar to the abortion agent of sheep which caused
bovine abortion (36). Other investigators have recovered pathogenic
agents from the lungs and intestinal tract of cattle.

These agents

were able to produce an enteritis and/or pneumonitis when experimentally
given to colostrum-deprived calves (35).
Mycoplasma have long been associated with bovine pneumonia.
Mycoplasma mycoides, the etiologic agent of bovine contagious pleuro
pneumonia, has been virtually eliminated in the United States.

Other

mycoplasma species have been recovered from the nasal passages of
calves afflicted with shipping fever.

There are indications that

multiple etiology may be involved in this disease complex since calves
experimentally exposed to the mycoplasma showed no clinical signs of
disease (11) „
walls.

Mycoplasma are pleomorphic organisms devoid of cell

They are closely related to bacteria in many respects.

The
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pleomorphlsm of mycoplasma allows them to pass through bacterial filters.
As a result they have been confused with viruses in many instances.
They have the capacity to cause CPE in tissue culture and may mimic
viruses in this respect (35).
This review is not intended to be an all-inclusive summary of
every agent which might resemble the Weak Calf-Lamb Syndrome in vivo
or tissue culture.

The purpose is to describe some of the more common

agents which may exhibit clinical manifestations or an in vitro effect
similar to the Weak Calf-Lamb Syndrome isolates.

Methods of Virus Classification
Methods for the classification of viruses have evolved with
the development of more sophisticated techniques in virology.

Early

classification procedure grouped viruses which caused similar diseases
in their hosts or were observed to have an affinity for a specific
tissue type.

This awkward method often placed totally unrelated viruses

in the same taxonomic group (46).
In 1965 the Provisional Committee for Nomenclature of Viruses
proposed a latinized binomial nomenclature for viral taxonomy (46).
Proponents of this new system maintained that it would have the advan
tage of international applicability.

Others suggested that it would

merely superimpose a latinized name onto an arbitrary and nonphylogenetic taxonomic system.
Gibbs et_ al. proposed a codified classification system based
on specific physical and cultural characteristics of the viruses (10).
This system involved the use of code letters and numbers to describe
the viral properties.

Where a specific attribute was unknown an
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asterisk would be substituted in the code.

Gibbs et^ al. conceded that

such a code would be awkward for everyday use and admitted that the
system would be unworkable due to a lack of available knowledge (10).
Despite continued criticism of viral classification systems
no workable alternatives have yet been adopted.

Some of the current

criteria for classifying viruses are listed below:
1.

Nucleic acid type (DNA or RNA).

2.

Nucleic acid form (single or double-stranded).

3.

Sensitivity to lipid solvents (ether or chloroform).

4.

Sensitivity to physical and chemical agents (heat and acid).

5.

Effect in animal host (clinical description).

6.

Effect in cell culture (type of CPE).

With the resolution of these properties a virus can be placed
into the appropriate family with reasonable certainty (4, 12, 46).

CHAPTER II
MATERIALS AND METHODS

CULTURE MEDIA AND SOLUTIONS

Culture Media
Lyophilized culture media (Grand Island Biological Co.) were
used in these studies.

Minimum essential medium (MEM), medium 199, and

medium NCTC 109 were prepared with varying serum concentrations as
growth and maintenance media.
Triple distilled water was used to rehydrate the powdered
media.

The culture medium was supplemented with fetal calf serum

(Difco, GIBCO, or Microbiological Associates) which was inactivated for
o
30 minutes at 56 C.

The serum concentration varied from 2 to 20 percent

depending upon the growth conditions desired.
0.15 percent concentration.

NaHCO^ was used at a

Penicillin (Calbiochem), at a concentration

of 100 units per ml, and streptomycin, (Calbiochem), at a concentration
of 100 ug per ml, were routinely added to the culture medium in an
attempt to negate bacterial contamination.

On primary cell lines

Mycostatin (Squibb) was often added to the medium at a concentration of
50 units per ml in an attempt to eliminate fungal contamination.
The medium was sterilized by positive pressure filtration
through either a Millipore or Seitz filter with an average porosity of
0.22 um,

To check for sterility, a medium sample was allowed to remain

o
in a 37 C incubator for 24 hours and then examined for possible
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contamination.

The medium was stored at 4°C for up to 3 months.

Phosphate Buffered Saline
Phosphate buffered saline was prepared by dissolving the
compounds listed in Table 1 in one liter of triple distilled water
(6, 7).

Sterilization was accomplished by autoclaving at 17 pounds

pressure, and 121°C for 15 minutes.

Table 1
Chemical Constituents of Phosphate Buffered Saline

Quantity

Compound
NaCl

8.0 g

KC1

0.2 g

NaoHP0.* 7Ho0
2
4
2

2.16 g

KH2P°4

0.2 g

MgCl2 * 6H20

0.1 g

CaCl2

0.1 g

PD Composition
Phosphate buffered saline in which the MgCl2*6H20 and CaCl2
are eliminated is called PD.

This solution was used for washing mono-

layer cells before trypsinization.

The Ca

and Mg

the chelating agents and inhibit trypsin activity.
PD was accomplished in the same way as for PBS.
room temperature until needed.

Monolayer Trypsin

ions would bind
Sterilization of

The PD was stored at
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Trypsin is a proteolytic enzyme used in tissue culture tech
nique to strip cells from the glass or plastic surfaces on which they
are growing,

Trypsin may also be used to disperse cells taken directly

from an animal.

The action of trypsin consists of breaking peptide

linkages of arginine and lysine residues at the carboxyl end (45).
The final trypsin solution was prepared from 2 solutions, A
and B,

Part A was mixed for 45 minutes with about one fourth of the

NaHC03 and then part B was added.
additional 15 minutes until clear.

The solution was mixed for an
The solution was sterilized by

filtration through a Seitz or Millipore filter with a porosity of 0.22
um.

Trypsin was stored in small quantities at -70°C for up to 2

months.

Table 2 lists the components of monolayer trypsin.

Table 2
Chemical Constituents of Monolayer Trypsin

Quantity

Compound
NaCl

8.0

g

KC1

0.4

g

Glucose (dextrose)

1.0

g

1.5

g

"A"
Trypsin (Difco

1:250)

H2Q

1

Versene (EDTA)

0.2

NaHC03

0.58

liter

g

"B"

Tissue Trypsin

g
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Tissue trypsin was prepared by adding 2.5 g of trypsin (Difco
1:250) to one liter of PD and stirring until the solution was clear.
Filtration and storage was the same as with monolayer trypsin.

ROUTINE METHODS IN CELL CULTURE

Development of Primary Cell Lines
Primary cell lines are those which are derived directly from
an animal.

They must be processed within 24 hours of removal from the

animal if they are to remain viable.
The primary cell lines used in these studies were developed by
the following method.

The appropriate tissue was removed from the

animal as soon after death as possible.

The procedure was performed

under aseptic conditions when feasible.

The tissue was immediately

placed in a sterile container and covered with MEM to prevent drying.
If the tissue was from an area with natural bacterial flora, it was
sometimes necessary to incubate the tissue in medium containing tetra
cycline, neomycin, and kanamycin for about 2 hours before beginning the
trypsinization procedure.

With sheep or other animals which may trap

fungal spores in their fur, culturing of the tissue with the addition
of 50 units per ml of mycostatin was highly recommended.
The isolated tissue was next minced into very small pieces
using sterile scissors.

This was done to maximize the exposed surface

area so that the action of the trypsin would be more complete.

The

minced tissue was then placed in a trypsinizing flask to insure maximum
mixing.

A sterile magnetic stir bar was added to the flask which was

placed on a magnetic stirrer.
in otuer to minimize foaming.

The speed of the stirrer was adjusted
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When salivary gland and testicular tissue were cultured, they
were minced completely as described above.
handled differently.

Certain tissue types were

Lung tissue, for example, was not minced since

it was buoyant and would remain in the supernatant rather than settle
to the bottom of the flask.

Instead, the lung was partially cut into,

using a sterile scalpel to increase the surface area exposed to the
trypsin but to relieve the problem of small undigested pieces of lung
being poured into the centrifuge bottle.

When kidney was trypsinized

the outer part or cortex was separated from the inner medulla, which
was discarded.

The cortex was then minced completely as with salivary

gland and testicular tissue.
The tissue was washed twice for a period of 5 minutes each time
with sterile PD to remove extraneous material.
to keep the tissue covered.
decanted and discarded.
tissue trypsin„

Sufficient PD was added

The supernatant from these washings was

The tissue was treated with 0.25 percent

The first 5 minute treatment was discarded, except

with fetal tissue where all washings were saved.

The free cell con

taining fluid from subsequent trypsin treatments was decanted through
sterile gauze into an appropriate size centrifuge bottle containing
approximately 25 ml of MEM plus 10 percent inactivated fetal calf serum.
The centrifuge bottle was kept in an ice bath to retard further
trypsinization of the free cells.
After the tissue had been completely trypsinized, the bottles
were placed in an International Centrifuge (size 2) and centrifuged for
10 minutes at 900 RPM.

The centrifuge was allowed to slow down with

the brake released in order to prevent dissolution of the packed cell
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pellet,
The cell free supernatant was now aspirated by suction.

The

cell pellet was resuspended in medium containing 10 percent fetal calf
serum (FCS) at a concentration of between 1 ml packed cell volume to
50 ml medium, to 1 ml cell volume per 150 ml medium.

Excessive cell

population causes overcrowding and death while too low a cell concentra
tion results in the failure of the cells to divide.
The cell suspensions were placed in air-tight plastic culture
bottles (Falcon Plastics), approximately 5 ml in a small flask and about
20 ml per large flask.

The flasks were gassed with a mixture of 5

percent carbon dioxide and 95 percent air.

The caps were then sealed

tightly and the flasks were placed in a 37°C incubator.

The flasks were

not moved for at least 2 days after initial trypsinization to enable
the cells to attach to the plastic surface.
After 2 or 3 days the flasks were examined using an inverted
microscope to determine if the cells had attached.

If a large

percentage of the cells had attached, the medium was changed in order
to remove some of the debris which was present.

This was accomplished

by aspirating the old medium by suction and adding new medium, prewarmed to room temperature.

The flasks were again gassed and then

returned to the 37°C incubator.

Stable Cell Lines
Stable cell lines are those which have the capacity to grow
indefinitely in tissue culture.

Stable cell lines may be obtained from

the American Type Culture Collection or from commercial outlets.

The

stable cell lines used in this study were FL, an epithelioid line of
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human amnion origint Sela, an epithelioid line derived from a human
carcinoma s Vero E developed from fch* kidney of an African green monkey„
and HEL, human embryonic lung.

Monolayer Trypsinization Procedure
All cell lines s both primary and stable, must be removed
periodically from the flask in which they are being held or else they
will die from overcrowding, acid production, or waste product accumula
tion,

This process of removing cells from a flask and reseeding into

new containers is termed a "passage".

With stable lines the cells from

1 bottle may be subdivided into 4, 5, or even 10 bottles of the same
size.

Primary cells usually are subdivided only 1 to 2 since they must

be surrounded by a large number of calls before they will proliferater
The following procedure for passing monolayered cells was used.
The spent medium was aspirated by suction.

The flask was then washed

twice with 5 ml quantities of sterile PD to remove traces of serum
which tend to inhibit the action of the trypsin.

The PD was also

removed by suction
'Monolayer trypsin was added to the flask, one ml per small flask
and two ml for a i&rge flaskc

The flask was tilted so that trie trypsin

could come in contact with the entire surface of the monolayer,
o
flask was then incubated ad 37" G for !i to 10 minutes.

The

When approxi

mately 90 percent: of tSim eadlH had detached from the plastic surface,
as determined by tiierssespde observation, several ml of median:
containing serum, were added to the flask.
trypsinization of the detaeded e«IIs 0

In

This prevented further

HO

ease were the cells left

de trypsin longer dhas Id sd,™v:d:«8 9 fesdsee idils results in loss of
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viability of the cells due to excess trypslnization.

The fluid containing the detached, cells was pipetted into a
sterile tube and centrifuged in an International Centrifuge (size 2)
at 900 RPM for 5 and 10 minutes.
suction.

The supernatant was removed by

The cell pellet was resuspended in growth medium.

Frequently

drawing and expelling the cell suspension several times through a
Pasteur pipette was necessary to disrupt the cell pellet.

A bulb was

used to prevent contamination of the cells with mycoplasma which are
often present in the mouth and nasal passages.
The cell suspension was diluted appropriately and dispensed
into new flasks.

The flasks were gassed with a 5 percent CO^ and 95

percent air mixture and incubated at 37°C.

Cells could be carefully

examined microscopically within 2 hours after trypsinization.

Care and Feeding of Cells
The medium on tissue culture cells was changed every 3 or 4
days.

The frequency of medium changes was determined by the growth

rate of the cells.

This growth rate was monitored in part by changes

in the pH indicator of the medium.

If the medium became too acid, the

color would change frota cherry red to bright yellow.

Conversely, when

the medium was very basics the. pH indicator would become purple.

It

was possible to adjust the pH of a flask by gassing with 5 percent CO^
sad 95 pereast; air

ar. witSt air alone. The CO^ and air mixture would

cause the medium to become more acid while gassing with air had the
effect of flushing out the

from a flask which had become too acido

The procedure far feeding cells involved removal of used
medium by

'jfresb saediuia, prowarmed to room temperature, was
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pipetted into the flask.
5 ml.

A large flask received 20 ml and a small flask

If there was a low cell population the flask was gassed with the

5 percent CO^ and 95 percent air mixture, 4 seconds for a small flask
and 10 seconds for a large flask.

The flask was then placed into a

37°C incubator and checked after 15 minutes to be certain that a
proper pH had been obtained.

An ideal pH was about 7.2.

Medium MEM plus 10 percent FCS was routinely used for culturing
primary cell lines.
tions a

Primary cells were very sensitive to acid condi

Therefore, they were checked daily and medium changes were

made when required.

Primary cell cultures were held at monolayer for

no longer than 1 week before trypsinizing.

After a week they tended to

peel from the plastic surface on which they were growing.
The medium used for changing stable cell lines was MEM and 5
percent FCS.

Stable cell lines were able to tolerate low pH conditions

better than primary lines.

With regular medium changes, some stable

lines could be held at monolayer for several weeks.

Fixation and Staining of Cells
The procedure for fixing and staining of tissue culture
slides was as follows:
1,

Slide was washed in PD.

2„

Slide was placed in Bouin's fixative for 30 to 60 minutes*

3,

Slide was removed from fixative and placed in 80%
ethanol for 2 hours.

4.

Slide

was placed in hematoxylin for 30 minutes.

5„

Slide was washed in tap water, then dipped in 0.1% HCl
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and 90% ethanol solution.
6.

Slide was washed again in water then placed for 3 minutes
in lithium carbonate.

7.

Slide was dipped twice in water baths then placed in
1% eosin-95% ethanol for 3-5 minutes.

8.

Slide was dipped quickly in two 95% ethanol baths,
followed by two 100% ethanol baths.

9.

Slide was dipped in 2 xylene baths and allowed to remain
in the second bath for 10-15 minutes.

10.

Slide was mounted with a coverslip using Permount (Fisher
Scientific Company).

11.

Slide was dry in about 24 hours at room temperature.

Source of Tissue for Cell Culture
The tissues used in these studies for the development of
primary cell lines were obtained from several sources.

These included

lambs from the ranch of L.W. Cook in Florence, Montana, and calf tissue
from the Bitterroot Stock Farm near Hamilton, Montana.

Additional

ovine and bovine tissue samples were procured at Daily's slaughterhouse
in Missoula.

Growth of Cell Cultures
on Microscope Slides
The procedure for growing cells on slides involved the use of
Lab-Tek (Miles Laboratory) 2, 4, or 8-chamber slides or Leighton tubes
(Bellco Glass).

The Lab-Tek chamber slide consisted of a slide with

a rubber gasket between the chambers.

Mounted on top of the rubber

were plastic walls for separating the various wells and a removable
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top.

A Leighton tube was an elongated, flat-bottomed glass container

preformed to accomodate one slide.
Seeding of the Lab-Tek chambers required only that an approp
riate cell suspension be placed in the proper well and that medium be
added.

When using Leighton tubes, the cell suspension was pipetted

directly onto the slide.

The cells were allowed to attach for one

hour before additional medium was added to the tube.

Failure to allow

this attachment period would have caused a large percentage of the
cells to be washed underneath the slide during the medium addition.
Both Leighton tubes and Lab-Tek chamber slides were incubated
in a "CO2 box" since neither were air-tight.

The "CO^ box" was a

scalable air-tight chamber with hoses on both sides.
placed in the bottom of a 37°C incubator.

The box was

After the Leighton tubes or

chamber slides were placed inside, the box was closed.

Both hoses were

opened and a mixture of 5 percent CC^ and 95 percent air was allowed to
flow through the box for 2-3 minutes.
hoses were clamped shut.

At the end of this time both

The CC>2 content inside the box was now at

its proper level.

Mycoplasma Isolation Procedure
Attempts to isolate mycoplasma from infected cells yielded
negative results.

The procedure for mycoplasma isolation was performed

by Dr. W. Koostra and Dr. Ushijima and has been described elsewhere
(13).

CHAPTER III

RESULTS

CULTURAL PROPERTIES OF VIRUS INFECTED CELLS

General Considerations
Kidney and salivary gland from animals clinically diagnosed by
Dr. Ward as having the Weak Calf Syndrome were prepared according to
the primary trypsinization procedure described earlier.

After mono-

layered growth had been achieved, 0.5 ml quantities of a cell suspen
sion were pipetted onto Leighton tubes.

The cells were allowed to

attach to the slides for 1 hour before an additional 4.5 ml of growth
medium was added to the tubes.
37°C in a "C0 2 box".
days.

The Leighton tubes were incubated at

Regular medium changes were carried out every 3-4

Slides were removed from the Leighton tubes after 4, 7, and 14

days, fixed in Bouin's fixative, and stained in hematoxylin and eosin.
The slides were then examined under white light microscopy.
Initial observations indicated that there were areas of cells
which had a strong affinity for the eosin dye.

The cytoplasms of these

cells stained heavily and were easily distinguishable from the majority
of the cells.

The remainder of the cells in the culture looked normal

in their staining under low power (160X).

Upon examination of the

eosinophilic staining foci using the high power objective (400X), it
was evident that inclusion bodies were present in the nucleus of a
majority of these cells.

These eosinophilic inclusion bodies ranged
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in number from 1 to 12 per cell with some cells containing bodies that
were nearly as large as nucleoli.

All inclusions were surrounded by

halos; i.e. the nuclear material appeared to be pulled away from the
area around the inclusion body.

The larger bodies were often

irregularly elongated with elliptical shaped halos whereas the smaller
ones were circular.
The intense cytoplasmic eosinophilic stain of enlarged cells
was not a prerequisite for nuclear inclusion bodies.

These eosin

ophilic masses were also observed in cells without demonstrable reddish
cytoplasms, and were indistinguishable from those previously described.
In a small percentage of the cells without distinct inclusions,
the nucleoli appeared as separate bodies shattered in many smaller
pieces.

Cells exhibiting this phenomenon often had deformed, irregu

larly shaped nuclei.

A few cells were multinucleated with the number

of nuclei in an individual cell ranging from 3 to 10.

There appeared

to be no distinct pattern or arrangement of the nuclei within the cell.
Of all the cell cultures examined lung appeared to have the greatest
tendency toward formation of multinucleated cells.

However, even in

lung cultures the percentage of multinucleated cells remained very low
or no more than 1-2 percent of the cell population.

Inclusion body

formation in the polykaryocytes was variable.

Naturally Infected Bovine Cells
Slides from calf kidney cultures were fixed and stained after
4, 7, and 14 days (Figures 1 and 2).

The 4-day cultures revealed the

presence of a few heavily stained foci and a small number of pinpoint
size inclusions.

At 7 days approximately 10-15 percent of the cells

Figure 1
Uninfected Bovine Kidney Cells Grown in Culture for 14 Days, Stained
With Hematoxylin and Eosin (160X)

Figure 2
Naturally Infected Bovine Kidney Cells Grown in Culture for 14 Days,
Showing Nuclear Inclusions (arrows). Stained with Hematoxylin
and Eosin (400X)
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contained inclusion bodies.

After 14 days the deeply eosinophilic

foci had increased in size and number.

Inclusion bodies were found in

about 95 percent of the cells which made up these foci.

The majority

of these cells contained multiple inclusions which were generally
larger than those observed earlier.

In the 14-day cultures approxi

mately 70 percent of the normally stained cells contained inclusions.
Most of these inclusions remained small.
Salivary gland cultures stained at 4 days showed the presence
of a few inclusion bodies which were very small.

The 7-day slides

revealed several eosinophilic foci whose cells all contained inclusion
bodies.

After 14 days there were numerous deeply staining foci, and

nearly 95 percent of the cells in the culture contained inclusions.
These inclusions were larger than those found in kidney cells, often
approaching the size of nucleoli (Figure 3).

Naturally Infected Ovine Cells
Lambs varying in age from 12 hours to 2 weeks were received
from the Cook sheep ranch in Florence, Montana.

The animals were

judged to be afflicted with the Weak Lamb Syndrome on the basis of
clinical signs as overt pneumonia, polyarthritis, and general weakness.
Tissues from these animals were processed by the primary trypsinization
procedure.

Cultures were grown on Leighton tube slides after an

initial cell passage.

Slides were fixed in Bouin's fixative after 3,

6, and 12 days in culture.

They were stained with hematoxylin and

eosin and observed under white light microscopy.
Ovine salivary gland and kidney cultures exhibited identical
viral cytopathic effects (Figures 4, 5, and 6).

After 3 days in culture

Figure 3
Naturally Infected Bovine Salivary Gland Grown in Culture for 14
Days, Showing Nuclear Inclusions (arrows). Stained with Hema
toxylin and Eosin (400X)
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Figure 4
Uninfected Ovine Kidney Cells Grown in Culture for 14 Days, Stained
with Hematoxylin and Eosin (400X)
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Figure 5
Naturally Infected Ovine Kidney Cells Grown in Culture for 14 Days,
Showing Nuclear Inclusions (arrows). Stained with Hematoxylin
and Eosin (400X)
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Figure 6
Naturally Infected Ovine Salivary Gland Grown in Culture for 14 Days,
Showing Nuclear Inclusions (arrows). Stained with Hematoxylin
and Eosin (400X)
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the slides revealed 2 or 3 eosinophilic staining foci.

Under 5 percent

of the cells in these early cultures had inclusion bodies.
sions were small and often difficult to find.

The inclu

Examination of the 6-day

cultures showed that between 10 and 20 percent of the cells now
contained inclusion bodies.

There were also a few additional foci of

deeply eosinophilic staining cells.

In the cultures incubated for 12

days many more of these foci were observed.

They were larger than

before and all of the cells in these foci contained inclusion bodies
which were now nearly as large as those found in bovine cultures.

Of

the remaining cells, approximately 70 percent showed intranuclear
inclusions.

Extended Growth of Naturally
Infected Cells
Both lamb and calf cell cultures were grown in small Falcon
flasks.

Regular medium changes using MEM and 10 percent fetal calf

serum (FCS) were performed every 3 or 4 days.

The cultures were

trypsinized only when overcrowding became a problem.
Most of the cells in these cultures grew fairly rapidly and
exhibited a normal amount of contact inhibition.

There were areas in

the flask where the cells began to grow on top of one another.

This

stacking characteristic often led to mounds of cells 7 or 8 layers
deep.

When these stacks were stained and examined microscopically, it

was evident that the majority of the cells on the bottom of the piles
were dead.

Cells on the periphery and the top of the mounds appeared

viable.
Prolonged incubation seemed to have a detrimental effect on
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inclusion body formation in infected cells.

After 21 days incubation

inclusion bodies were still noticeable in stained slides from a bovine
kidney culture.

After 28 days in culture the cells were virtually

devoid of inclusions and appeared dying.
After the cultures had been grown for 1 or 2 months and passed
3 to 5 times, they began to degenerate.

At this stage attempted

trypsinization of several flasks resulted in total loss of the cultures.
This was probably due to the inability of the cells to survive the
harsh monolayer trypsinization procedure.

The first stage of this

degenerative process usually involved cytoplasmic vacuolation in the
cells.

The vacuoles were small but could be observed in living cultures

under phase contrast microscopy.

Accompanying this vacuolation was an

increase in cell size associated mainly with the cytoplasm.

The

cytoplasm to nucleus ratio increased from the normal 3:1 to 5:1.

This

cytoplasmic expansion led to the development of greatly enlarged cell
masses.

Examination of these cell masses with the phase contrast

setting of the inverted microscope failed to reveal identifiable cells.
Cytoplasmic and nuclear membranes of individual cells were not
distinguishable.

The only indication that the cellular masses were

alive was the fact that regular medium changes were still required
about once a week.
Approximately 2 weeks after the giant masses were formed, thin
rod-shaped cells began to appear.

They were easily recognized by their

refractive appearance under phase contrast microscopy.

The cytoplasmic

ratio of these cells had changed from the 3:1 ratio normally found in
fibroblast cells to a 1:1 ratio.

Their cytoplasm was confined to a
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pair of long, thin projections emanating from opposite sides of the
nucleus.

These cells were apparently transitional cells because they

disappeared within a few weeks.
epithelioid cells began to grow.

In their place small colonies of
The cells had a cytoplasmic ratio of

1:1, and proliferated rapidly from several foci.

These transformed

cells arose from cultures infected with the calf virus as well as the
lamb virus.

The cells were characterized in detail by C.C. Jannke in

his Master's thesis (13).

Types of Tissues Cultured
A wide variety of tissue samples were grown in cell culture
from clinically infected lambs and calves.

This was done in an attempt

to discover which tissue type was most susceptible to the virus.

If a

highly susceptible cell line were found, the problem of low virus yield
and slow CPE would be eliminated.
Salivary gland, kidney, and lung cultures were grown from
clinically diseased lambs.

Salivary gland and kidney appeared to be

about equal in susceptibility to the virus.

This conclusion was

reached after an examination of the inclusion bodies present in each
cell culture.

The inclusions were about the same size, were present

in approximately the same percentage of cells, and were first noted
in cultures of the same age.
Lung cultures were apparently less susceptible to the virus.
Inclusion bodies from lung cultures were never seen in 4-6 day old
slides and seldom seen in 14-day slides.

When present the inclusions

were small and in no more than 10 percent of the cells.
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Ovine testes cells were cultured from apparently normal sheep.
Inclusion bodies were noted in 2 of 3 testes cultures obtained from
different sources.

One testes line was completely free of any

inclusions, even after 4 weeks in culture (Figure 7).

This line was,

however, susceptible to infection with the virus (Figure 8).

Inclusions

from the testes lines were generally small and slow in appearing.
Seldom were more than 50 percent of the cells infected after 14 days.
Bovine tissue samples were obtained from many animals
diagnosed as positive for the syndrome.

Salivary gland appeared to be

somewhat more susceptible to the virus than kidney.

Inclusion bodies

in salivary gland cell cultures were larger and more numerous than
in similar kidney cultures.

Thymus, uterine tissue, and testicular

tissue were also positive for the virus, although it was present in
lower concentration than in salivary gland or kidney cultures.
Amnion may prove to be the most susceptible bovine cell line.
One amnion culture stained after 16 days revealed that nearly 100
percent of the cells were infected.

Studies are currently under way

to determine if the amnion cell line can be used for developing higher
virus titers and more rapid cytopathic effect.
No inclusions were found in cultures derived from bovine lymph
nodes.

The nodes from afflicted animals were almost always enlarged

but the cells from these sources were refractory to inclusion body
formation, even 21 days after exposure to a suspension of virus.

Virus Isolation from Clinically
Normal Animals
The virus was recovered from 14 calves and 7 lambs which were

Figure 7
Uninfected Ovine Testes Cells Grown in Culture for 14 Days, Stained
with Hematoxylin and Eosin (400X)
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Figure 8
Experimentally Infected Ovine Testes Cells Grown in Culture for 14
Days, Showing Nuclear Inclusions (arrows). Stained with Hematoxylin
and Eosin (400X)
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diagnosed by Dr. Ward and Dr. Taylor as having the Weak Calf-Lamb
Syndrome.

Cultures from one other calf and one other lamb were lost

due to bacterial and fungal contamination respectively.
Virus was found in cell cultures made from the testes of 2
apparently normal 6 month old lambs.

Similar findings were made with

bovine salivary gland and testes cultures from apparently healthy
calves.

These observations led to the discovery that the virus was

present in most of the animals from ranches where the disease was found.
On the other hand calf tissues taken from ranches which had
never experienced the Weak Calf Syndrome were always free of inclusion
bodies.

Lamb kidney, a non-stable developmental cell line (Micro

biological Associates), was found to be free of any traces of inclusions.
The virus in the apparently normal calves and lambs was present
in much lower titer than in clinically infected animals.

Often 2 or 3

passages were necessary before the virus was demonstrable in tissue
culture.

It was usually possible to determine if a culture was

derived from a clinically infected or normal animal by microscopic
examination of a 14-day slide„
Tables 3 and 4 give a partial list of tissues cultured from
clinically infected and apparently normal calves and lambs, indicating
if the virus was present.

Preparation of Virus Stock
Virus stocks were collected from an ovine salivary gland
culture and from a bovine kidney culture.
from clinically infected animals.

Both cultures were derived

The sheep virus was designated 0SG-4P
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Table 3
Partial List of Bovine and Ovine Tissues Cultured from Clinically
Diagnosed Animals Showing Effect of Virus In Vitro

Animal No.

Age

Tissue Cultured

CPE

Day CPE
First Noted

Trans
formation

Bovine 1

1 Day

Kidney

Yes

7 Day

Yes

Bovine 2

1 Day

Salivary Gland

Yes

7 Day

No

Bovine 3

7 Day

Lymph Node

No

-

No

Bovine 4

7 Day

Thymus

Yes

7 Day

No

Bovine 5

14 Day

Lung

Yes

14 Day

No

Bovine 6

Fetal

Kidney

Yes

7 Day

No

Bovine 7

Fetal

Salivary Gland

Yes

7 Day

No

Ovine 1

1 Day

Salivary Gland

Yes

7 Day

No

Ovine 1

1 Day

Kidney

Yes

7 Day

No

Ovine 2

7 Day

Lung

Yes

14 Day

No

Ovine 3

14 Day

Salivary Gland

Yes

7 Day

No

Ovine 4

4 Day

Kidney

Yes

7 Day

No
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Table 4
Partial List of Bovine and Ovine Tissues Cultured from Apparently
Normal Animals Showing Effect of Virus In Vitro
Day CPE
First Noted

Trans
formation

Animal No.

Age

Tissue Cultured

CPE

Bovine 8

6 Mo.

Salivary Gland

Yes

14 Day

No

Bovine 9

6 Mo.

Salivary Gland

No

-

No

Bovine 10

6 Mo „

Testes

Yes

14 Day

No

Bovine 11

Fetal

Salivary Gland

No

-

No

Bovine 12

Fetal

Kidney

No

-

No

Ovine 5

6 Mo.

Testes

Yes

21 Days

No

Ovine 6

?

Testes

No

-

No

Ovine 7

4 Mo.

Testes

Yes

7 Day

Yes

Ovine 8

6 Mo.

Salivary Gland

Yes

14 Day

Yes

Ovine 9

6 Mo.

Salivary Gland

Yes

14 Day

No
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and the calf virus pool termed 390KP.
The stock pools were collected from cultures which had
previously shown numerous inclusion bodies.

The cultures, which were

growing in small Falcon flasks, had both been passed 2 times.

During

every medium change the used supernatant was collected from the flasks
and frozen.

After approximately 25-30 ml had been collected in this

manner, the fluid was thawed and pooled in a large bottle.

This was

then centrifuged in an International Centrifuge (size 2) at 1,500 RPM
for 20 minutes.
vials.

The cell free fluid was removed and pipetted into 1 ml

The vials were stored at -70°C.

Experimentally Infected Cells
Bovine salivary gland and testes were obtained from Daily's
slaughterhouse as were ovine salivary gland and testes.

The tissues

were processed according to the primary trypsinization procedure
described earlier.

Cells from the first passage were grown on Leighton

tubes to determine if they were naturally infected.

Slides stained

with hematoxylin and eosin after 14 days incubation were considered to
be uninfected if no inclusion bodies were observed upon microscopic
examination.
Uninfected cells were grown on Leighton tubes or Lab-Tek
chamber slides for 24 hours.

At this time the medium was removed by

suction and the cultures were infected by the addition of 0SG-4P or
390KP virus stocks to the slides, one ml for the Leighton tubes and 0.5
ml for the chamber slides.
hours at 37°C.

The virus was adsorbed to the cells for 2

At the end of this period the supernatant was aspirated
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by suction and additional medium added to the cells.
were grown for use as controls„

Uninfected cells

The slides were incubated at 37°C in

a "CO^ box".
Slides were examined daily for signs of cytopathic effect.
Regular medium changes were carried out every 3-4 days using MEM and 5
percent FCS for testes cultures and MEM plus 10 percent FCS for salivary
gland cultures.

Slides were fixed and stained after 4, 7, and 14

days of incubation.
Initial observations indicated that the rate of acid production
as monitored by color changes in the medium was greater in infected
than control cultures.

Apparently associated with this phenomenon was

an increased growth and/or metabolic rate in the infected cells as
demonstrated when approximately equal numbers of cells were added to 2
slides, one of which was infected with either ovine or bovine stock
virus pools.

Macroscopic examination of the slides after 14 days

showed a significant increase in the number of cells in the infected
slide.
Despite the growth stimulating potential of the virus it also
seemed to exhibit a stabilizing effect on cells at monolayer.

Primary

bovine testes cells, which grew rapidly in MEM and 10 percent FCS,
peeled within a week after reaching monolayer growth.

Infected testes

cells exhibited an ability to remain at monolayer for considerably
longer periods of time without peeling than did uninfected cultures.
The reason for this stabilization was unknown.

A similar effect was

noted in infected cultures of primary human tonsils.

In this experi

ment the infected cells were grown in chambers adjacent to the controls.
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The increased acid production and stabilization effect were both noted
in the infected cells but not in the controls.
Infection of certain primary testes cells resulted in fairly
rapid CPE.

Other cultures of testes origin produced inclusion bodies

when infected but otherwise appeared reasonably normal.

The rapid

cytopathic effect usually occurred within 7 days after infection.
Infected cells became "moth-eaten" and similar in appearance to cells
which were continually incubated without medium changes.

Many tentacle

like projections were seen extending into the medium from the cytoplasm
of these cells«

There was also an increased amount of cellular debris

floating in the supernatant„

Hematoxylin and eosin staining of these

cells revealed very few intranuclear inclusion bodies present at 7 days.
After 14 days most of the cells had detached from the slide.
While a few testes lines exhibited this type of CPE, most
infected cultures did not.

In these cultures stained slides were the

only means of detecting viral induced CPE.

Experimentally infected

ovine and bovine cell lines, including salivary gland and testes, were
grown in Lab-Tek chambers with appropriate controls„

Slides which were

fixed and stained after 4 days showed no inclusions although increased
acid production was evident in some cases.

Examination of 7-day slides

usually revealed a few inclusions and an increased number of cells in
the infected wells.

At 14 days numerous small inclusion bodies were

noted in all culture types.

Also present were the typical foci of

deeply staining eosinophilic cells„

The inclusion bodies were found in

up to 50 percent of the cells.
Occasionally small basophilic inclusion bodies were observed in
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the infected cells0

These were distinguishable from nucleoli by their

generally rounded appearance and halos.

In some cultures 3 percent of

the cells contained these basophilic inclusions.

It was not known if

these inclusions were related to the presence of the eosinophilic
inclusion bodies.

Basophilic inclusions were never observed in the

same cells as eosinophilic inclusions.
It was noted that the 390KP bovine virus was capable of infect
ing ovine salivary gland and testes cultures.

Bovine derived cell

lines exhibited a similar susceptibility to infection with the 0SG-4P
sheep viruso

The cytopathic changes caused by the ovine or bovine

viruses were indistinguishable from one another.

Abortive Infections
Although the ovine and bovine virus stocks were usually able to
produce the characteristic CPE in susceptible cell lines, there were
occasions when the virus was apparently unable to infect the cells.
This phenomenon was independent of variations in serum concentration,
changes in medium composition or stage of cell growth.

At times, mono

layer cells were resistant to infection with either virus.
occasions newly trypsinized cells were uninfectable.

On some

The resistant

cells showed none of the typical properties of virus infected cells as
inclusions, eosinophilic foci or rapid growth and acid production.
possible explanation implicated the fetal calf serum.

One

Although the

serum was advertised as having only trace amounts of gamma globulin, it
is conceivable that antibody to the virus was present in some serum
lotSo

Another possibility was that the cell lines carried the virus in
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a lysogenic state and were resistant to superinfection with the same
agent„

Passage to Increase Titer
Titers of many viruses isolated from clinical samples, increase
when subjected to several passages.

In an attempt to increase the virus

titer and shorten the time necessary for observable CPE, ovine testes
cells growing on Leighton tube slides were infected with 1 ml of 0SG-4P
or 390KP viruses.
6 days,

The medium on these cells was changed after 3 and

The supernatant from the sixth day was saved and a one ml

quantity placed onto another ovine testes slide.

The same procedure

was followed on this slide with the 6-day supernatant being transferred
to a third slide„
The rapid passage of supernatant did not lead to an increased
virus titer0

Stained slides revealed an equal amount of inclusion

body formation in all 3 slidesc
in any of the slides.

There was no virus caused cell death

The supernatant passage technique did not

effectively decrease the amount of time necessary for inclusion body
formation,,

Infection of Different Cell Lines
A variety of cell lines were infected with the 0SG-4P and
390KP virus stocks using the procedure described previously.

Caprine

testes, a primary fibroblast cell line, was found to be resistant to
infection with both the bovine and ovine viruses as monitored by a
lack of inclusion bodies at 7, 14, and 21 days post infection„
All human cell lines appeared to be resistant to viral infection„
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For example, the following stable lines, HeLa, derived from a carci
noma, FL, a cell line developed from amnion tissue, and HEL, human
embryonic lung, failed to develop inclusion bodies.

Primary human fore

skin was also cultured and proved to be resistant to infection.

Initial

infection of primary human tonsils revealed an increased acid production
in the wells infected with the 0SG-4P and 390KP virus stocks.

Since

the control wells were beginning to peel from the slide surface, it was
necessary to fix and stain the slide after only 7 days.
evidence of inclusion bodies after 7 days.

There was no

Additional tonsilar tissue

was obtained and slides were again infected with bovine and ovine
virus stocks.

This time there was no evidence of increased growth or

acid production,.

Slides stained after 14 days were negative for viral

inclusion bodies„
Non-human cell lines investigated included Vero, a stable
green monkey kidney line, and primary porcine kidney.

Both cell lines

were negative for inclusion body formation and visible cytopathic effect.

PROPERTIES OF WEAK CALF-LAMB SYNDROME VIRUSES

Serum Neutralization
Preliminary studies were performed to determine if the virus
could be neutralized by sera from animals immune to the Weak CalfLamb Syndrome„

Immune serum was obtained from an animal which had lost

a calf the previous springe

Acute serum was drawn from a clinically

affected animal just prior to his death.
Each serum was heat inactivated at 56°C for 30 minutes and
placed in a small test tube with an equal volume of 390KP virus.

Fetal
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calf serum added to the virus stock acted as a control.
tions were incubated at room temperature for 2 hours.

The prepara
The samples were

then pipetted onto 4-chamber slides containing bovine kidney cells„
Chamber 1 was an uninfected control.

Chamber 2 contained 0»5 ml of

390KP virus stock and served as a virus control.

Chamber 3 contained

1 ml of the fetal calf serum and 390KP virus and represented a serum
controlo

Chamber 4 contained 1 ml quantities of either acute serum

plus virus or convalescent serum plus virus.

The preparations were

allowed to adsorb to the cells for 2 hours at 37°C.

After this adsorp

tion period the fluid was removed from the chambers by suction and the
cell surfaces were washed once with PD.

Fresh MEM with 10 percent FCS

was added to all the slide chambers and they were incubated at 37°C
for 2 weekso
Slides were fixed and stained with hematoxylin and eosino

The

uninfected control chambers had no inclusion bodies visible after 14
days,

The chambers which received only 390KP stock virus showed typical

intranuclear inclusions„

The fetal calf serum was unable to neutralize

the virus as evidenced by the numerous inclusion bodies»

The chambers

which were incubated with the 390KP stock plus the acute phase serum
showed approximately the same number of inclusions as did the virus
control,

The immune serum was able to neutralize the inclusion body

formation of the virus since there was no evidence of inclusion
bodies in the cells exposed to convalescent serum preincubated with
the virus stock.,

Similar results were obtained with 0SG-4P virus

incubated with convalescent serum of bovine and ovine origin<=

Table 5

indicates the results from serum neutralization tests with 390KP and
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0SG-4P viruses.

Acid Stability
Acid stability is based upon the degree of protein denaturation
to which a virus is susceptible under low pH conditions.

Protein

denaturation may reduce the infectivity of the virus by destroying or
altering the viral attachment sites (17).
0SG-4P and 390KP pools were used.
divided into two 25 ml aliquots„

The virus stocks were

Aliquot 1 was placed in a sterile

container and 1 N HC1 was added dropwise until the pH reached 2.8 as
determined by a pH meter.

The aliquot was allowed to remain at pH 2.8

for 5 minutes then returned to pH 7.2 by the addition of 0.1 N NaOH.
The pH of aliquot 2 was adjusted to 2.8 by the addition of 1 N HC1„
This aliquot was allowed to remain at pH 2.8 for three and one half
hours.

After this period the pH was returned to 7.2 by the addition of

Ool N NaOH„
The stability of the virus to acid conditions was now deter
mined by adsorbing 0„5 ml quantities of each aliquot to susceptible
cells and continued incubation of the cultures for 2 weeks.

The suscep

tible cells used in this study included primary sheep testes (ST)»
primary bovine testes (BT), and primary bovine salivary gland (BSG).
The slides from the Leighton tubes were fixed and stained as described
above and then observed microscopically for the presence of intra
nuclear inclusion bodies.
Results with 390KP and 0SG-4P stocks were identical.
1 showed the presence of some inclusion bodies„

Aliquot

Aliquot 2 was negative
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Table 5
Effect of Acute and Convalescent Sera on the Inclusion Body Formation
of Ovine and Bovine Viruses„ Bovine Kidney Cells Were Grown at
37 C for 14 Days Post Infection

Serum

390KP Virus

0SG-4P Virus

Acute Bovine

-

ND

Convalescent Bovine

+

+

Acute Ovine

ND

-

Convalescent Ovine

ND

+

Fetal Calf Serum
ND = Not done„
+ = Inclusion body formation neutralized.
- = Inclusion body formation not neutralizedc
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for the presence of inclusion bodies with both virus stocks.

Sensitivity of Virus to Ethyl Ether
The sensitivity of a virus to ethyl ether is based on the fact
that some viruses contain a lipid-rich envelope (46)„

The infectivity

of these viruses is reduced by incubating them with a lipid solvent
such as ethyl ether or chloroform (2, 8).
The method used in this study was developed by Andrewe® and
Horstmann (2).

Anaesthetic ethyl ether was used.

First, 0.4 ml of

ethyl ether was pipetted into a sterile, screw-top tube along with
lo6 ml of virus stock.

The components were mildly shaken and then

placed in a 4°C cold room for 18 hours.

The liquid was poured into an

open petri dish and the ether was allowed to evaporate.
took about 10 minutes<,

This process

Five tenth ml of the treated virus stock was

allowed to adsorb onto susceptible cells, ST, BT, or BSG for 2 hours„
The cells were incubated at 37°C for 2 weeks and then stained with hema
toxylin and eosin0

The absence of inclusion bodies indicated ether

sensitivity and the presence of a lipid envelope.

Heat Stability
Heat stability is one of the less reliable physical character
istics of viruses.

The stability of a particular virus may be enhanced

by the presence of specific amino acids such as L-cysteine and L-cystine
(29)o

In addition, purified virus preparations tend to be more

sensitive to heat than unpurified ones (18)„
Two lo5 ml samples of the virus stocks were placed in a 56°C
water bath for 30 and 90 minutes respectively„

At this time 0„5 ml

54
quantities of each sample were adsorbed onto ST, BT, or BSG cells.

The

cultures were incubated for 2 weeks at 37°C and then stained using the
hematoxylin and eosin method„
In one trial a cytotoxic effect was observed.,

The cells which

were infected with the heat treated virus died and detached from the
plastic within two days.
unsuccessful.

Attempts to repeat this toxicity test were

In other trials the viruses appeared to be heat stable„

Hemagglutination
Hemagglutination can be a sensitive aid to classification of
certain virus groups.

The adenoviruses, myxoviruses, and reoviruses

all have the ability to agglutinate various species of red blood cells
(17, 31, 46)„

Serotypes are often distinguished on the basis of the

type of red blood cell which can be agglutinated„
Heparinized blood was drawn from a rat, sheep, cow, rhesus
monkey, guinea pig* and human (type 0).

The red cells were centrifuged

and washed 3 times with 0.85 percent saline to remove all traces of
serum.

A one percent suspension of the red blood cells was made in

salineo

The test was performed in a round-bottom Microtiter plate

(Cooke Engineering Company)„

Saline was added to each well of the

plate with a 0o05 ml micropipette„

Stock virus was added to the first

well and serially diluted using a microdiluter„
blank as a saline control„

The end well remained

The appropriate red blood cells were added

to the wells with a 0o05 ml micropipette.

Plates were incubated at

4°C, 25°C, and 37°C for 1 hour and then placed in a 4°C cold room over •
nighto

Results were recorded at 1 and 24 hours.

Positive
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hemagglutination was judged to be a dispersed pattern of red blood
cells on the bottom of the well rather than a button of tightly packed
cells.
In a variation of this technique the red blood cells were
initially incubated for 2 hours at 4°C with a 20 percent volume of
bovine serum from a cow immune to the Weak Calf Syndrome.

Following

the incubation the red cells were washed twice in 0.85 percent saline
and then suspended in a 1 percent concentration.

The plates were

incubated at 4°C, 25°C, and 37°C for 1 hour and then stored overnight
at 4°C0

Results were read at 1 and 24 hours.
No hemagglutination activity was evident with either virus

stock tested„

The rat red blood cells tended to agglutinate in the

presence of the immune cattle serum.

Other workers indicate that rat

red blood cells may agglutinate spontaneously (18).

Complement Fixation
Complement fixation (CF) is a technique widely used in
virology,,

It is especially useful in detecting adenoviruses which all

contain a group specific, soluble CF antigen (except avian species)
(32).
system.

A CF test has 2 components, a test system and an indicator
The test system consists of the antigen-antibody complex that

you wish to detect<>

If a CF antibody is combined with its specific

antigen, the available complement in the system will be fixed.

The

indicator system, which is composed of sheep red blood cells and their
specific antibody (hemolysin), will detect any complement which is not
fixed in the test system^.

It is critical that standard quantities of
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complement and hemolysin be determined experimentally in a complement
fixation test„

Failure to standardize these components will lead to

failure or unreliable results.

Proper controls must also be included„

The CF test was performed using flat-bottom Microtiter plates,,
The diluent consisted of 1 ml of a Mg

and Ca

stock solution (3.1 g

MgC^ + lo7 g CaCl2 + 100 ml 1^0) in 1000 ml of 0.85 percent saline.
The hemolysin system was standardized first.

Stock hemolysin

(Colorado Serum Co.) was prepared in 1:10, 1:100, 1:500, 1:750, and
1:1250 concentrations.

Each sample was serially diluted.

One 0.05 ml

drop of a 1:10 dilution of complement (guinea pig serum) was added to
each well.

One drop of a 2 percent sheep red blood cell suspension was

added to each well.

Control wells contained no hemolysin as a check

against hemolytic activity in the complementat 37°C for 30 minutes.

The plate was incubated

The highest dilution with complete hemolysis

was considered to be equal to 1 unit of hemolysin.

Two units of hemo

lysin was equal to one half of the above dilution.

In this test two

units of hemolysin were equal to a 1:100 dilution.
The complement system was standardized next.
complement was diluted 1:2, 1:3, 1:5, 1:7, and 1:9.
serially diluted in the Mg"^ and Ca"1"1" saline diluent.,

Stock guinea pig
Each sample was
One 0„05 ml

drop of 2 units hemolysin was added to each well along with one drop of
the 2 percent sheep red blood cell suspension„
for 30 minutes at 37°C.

The plate was incubated

The highest dilution of complement showing

complete hemolysis was considered to be one complement unit.
of complement were equal to one half of the above dilution.

Two units
In this

experiment one unit of complement was equal to a 1:16 dilution and two
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units were 1:8.
The antigen for the CF test was now serially diluted through
well 10.

Five control wells were included.

received 1 drop each of stock antigen„
received no antigen.

Control wells 1 and 2

Control wells 3 through 5

A 1:5 dilution of inactivated test serum was

added to wells 1 through 10 as well as control wells 3 and 4o

One drop

of 2 units complement was added to all the test wells and also to
control wells 2, 3, and 5.
cold room overnight.

The plate was covered and placed in a 4°C

The next morning one drop of 2 units hemolysin

and one drop of the 2 percent sheep red blood cell suspension were added
to all the wells.

The plate was incubated at 37°C for 30 minutes *

One

antigen unit was equal to the highest dilution of antigen showing no
hemolysis„
dilutiono

Two units of antigen were equal to one half the above
Control wells were examined carefully for conflicting

results o
Tests were run using a 1:5 dilution of immune bovine and immune
ovine serum,,

Antigens tested were 0SG-4P, 390KP, and ovine testes

transformed cells prepared in 20 percent concentration with saline„
Results indicated that there was no complement fixation activity
associated with the viruses»

It also appeared that no complement

fixing complexes were formed in the presence of virus transformed cells„

Freezer Stability
Continuing studies have revealed that the virus remained viable
at -70°C for more than one year.

Virus preparations frozen in vials in

March 1971 retained their ability to produce inclusion bodies when
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tested on ovine testes cells in July 1972.

Infectivity in the Presence of Antibiotics
Broad spectrum antibiotics, tetracycline (10 ug per ml), neo
mycin (100 ug per ml), and kanamycin (200 ug per ml), were prepared in
stock solutions.

One ml of the stock antibiotic solution was added to

the medium of a bovine virus infected cell line and incubated for 2
days.

No decrease in inclusion body formation was noted when the cells

were stained after 2 weeks incubation„
All infected cultures were routinely cultured for 2 days with
the broad spectrum antibiotics approximately once every month*

There

did not appear to be any decrease in the infectivity of supernatant
from those lines which were incubated with the antibiotics.
In another experiment the 390KP virus was incubated overnight
with the broad spectrum antibiotics,

The virus remained capable of

producing inclusions in susceptible cells after incubation with the
antibioticso

Virus Nucleic Acid Type
Traditional methods of determining nucleic acid type involve
the use of 5-iodo-2'-deoxyuridine (IUDR) or 5-bromo-2'-deoxyuridine
(BUDR).

Inhibition of virus replication in the presence of these

halogenated thymidine analogues indicates that a DNA containing virus
is present.

For obvious reasons this method can only be applied to

systems where viral CPE is rapid.

In virus infections where slow CPE

is evident, the addition of these analogues may result in damage to
the cells.
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Since the CPE associated with this virus was observed only
after a long incubation period, it was decided that the treatment of
infected cells with the thymidine analogues would be of little benefitInstead, infected cells were stained with acridine orange, a fluorescent
dye, and methyl green pyronin (13, 21).

When the results were compared

to control cells, it was apparent that the infected cells contained an
increased DNA content in the nucleus.

It was not possible to determine

if this was concentrated in the inclusion bodies associated with the
virus infection.

The presence of intranuclear inclusions in virus

infected cells lends further evidence to the supposition that the virus
does not contain an RNA core since very few RNA viruses produce nuclear
inclusions.

The RNA viruses capable of producing inclusions apparently

always have distinct, cytoplasmic CPE associated with the nuclear
inclusion body formation„

Summary
Table 6 gives a brief summary of the characteristics of the
viruses isolated from infected bovine and ovine cell cultures„
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Table 6
Some Physical, Chemical, and Cultural Characteristics of 0SQ-4P and
390KP Viruses Isolated from Weak Calf-Lamb Syndrome Animals

Characteristic

0SG-4P Virus

390KP Virus

Ether Sensitive

Yes

Yes

Acid Sensitive

Yes

Yes

Heat Sensitive

No

No

Nucleic Acid Type

Probably DNA

Probably DNA

Complement Fixation

No

No

Hemagglutination

No

No

Trans f ormat ion

In Vitro

In Vitro

CHAPTER IV

DISCUSSION

Experimental exidence indicates that agents isolated from
cultured tissues of animals afflicted with the Weak Calf-Lamb Syndrome
are not mycoplasma or chlamydia.

The agents present in the super

natant of these cultured cells are resistant to preincubation with a
high concentration of broad spectrum antibiotics as determined by
their continued capacity to induce eosinophilic, intranuclear inclusion
bodies when added to susceptible cells.
Preliminary electron microscopy preparations failed to show
mycoplasma or chlamydial agents in the sections.
particle of 80-100 nm in diameter was present.

However, a virus

Other assays indicate

that the agent is a virus.
The bovine virus, 390KP, appears to be closely related to the
ovine isolate, 0SG-4P.

Inclusion bodies in naturally infected cell

lines are nearly identical in appearance.

Both viruses are present in

very high concentration in cultured cells of kidney and salivary gland
tissue derived from afflicted animals.

Inclusion body formation in

primary lung cultures is minimal with both ovine and bovine lines„
Other similarities include the ability of each isolate to stimulate
acid production and cell growth, and an apparent stabilizing effect on
cells at monolayer growth conditions.

Although neither virus is able

to infect tissues from other species, cross infectivity is clearly
evident, including the induction of cell transformation„
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These
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transformed cells derived from bovine and ovine tissues are morph
ologically indistinguishable from each other.
Agglutination studies with transformed cells revealed that
bovine and ovine transformed cells are agglutinated by immune bovine
serum although the bovine cells are agglutinated to a somewhat higher
titer (13).

It is not known whether this titer difference is due to

a specific antigenic or some physical difference such as cell age,
number of passages, or growth medium used.
agglutinate any transformed cells (13).

Fetal calf serum fails to

These various characteristics,

particularly since both viruses are neutralizable by immune bovine
serum but not by acute serum, indicate that the viruses are very
closely related or perhaps even identical.
The physical and chemical tests performed suggest that the
viruses probably belong to the herpesvirus group.

The nucleic acid

content of the virus appears to be DNA, and the sensitivity to ether
indicates a lipid-rich envelope,
heat resistant.

The isolates are acid sensitive but

The latter characteristic is inconsistent with that

of the herpesviruses but heat sensitivity with herpesviruses has been
manipulated by some workers by the addition of certain compounds which
tend to increase the heat stability of the virus (46).

Thus, heat

stability may be a variable characteristic with herpesviruses.

The

Weak Calf-Lamb Syndrome agent has a particle size of 80-100 nm which
fits into the range of the herpesvirus group.

The eosinophilic intra

nuclear inclusions appear to be more closely related to herpesviruses
than any other group°
A bovine herpesvirus related to this agent is infectious bovine
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rhinotracheitis (IBR) virus.
IBR virus.

However, this agent is different from the

The CPE caused by the IBR virus in most cell cultures is

characterized by rounding and shrinking of the cells, increased granu
larity, and finally sloughing of the cells from the surface.

This CPE

differs markedly from the CPE observed in cells infected with this
virus.

An IBR vaccination program is also in effect in Montana.

Anti

body titers to IBR virus did not show a significant increase in serum
from convalescent as opposed to acute animals (44).
Although chemical and physical characteristics seem to place
this virus in the herpesvirus group, certain of its effects in tissue
culture strongly resemble the adenovirus group.

These effects include

the acid production, accelerated growth rate, and transformation (9).
The most substantial evidence to indicate that this is not an adeno
virus comes from the fact that the isolate is ether sensitive while the
adenoviruses have no lipid containing envelope.

Also important is the

fact that no complement fixation antigen can be detected with this
virus.

All adenoviruses except avian species contain a soluble, group

specific CF antigen.

Most bovine adenoviruses also have been found to

agglutinate red blood cells.

The Weak Calf-Lamb Syndrome virus is

unable to agglutinate red blood cells.
In some areas bovine reoviruses have been isolated and linked
to calf scours„

Reoviruses bear little resemblance to this agent in

tissue culture,,

The reoviruses are totally cytoplasm associated, pro

ducing cytoplasmic inclusion bodies.
and ether resistant,,

They are RNA containing viruses

If this virus were a reovirus it should have been

able to agglutinate human (type 0) red blood cells.

The inability to
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agglutinate any red cells along with the other physical and chemical
differences seem to eliminate reoviruses6
The virus isolated from bovine virus diarrhea (BVD) contains an
RNA core and it seems unlikely that it is related to the virus isolated
here.

Antibody titers to BVD virus as recorded by Dr= Ward showed no

increase in animals that recovered from the Weak Calf Syndrome (44)«
Many ranches which experience the Weak Calf Syndrome vaccinate against
bovine virus diarrhea.
In some aspects these viruses seem to be related to the "slow
viruses" of sheep which are responsible for sheep pneumonia.

Recent

studies have shown that these slow viruses may contain RNA and that
they are oncogenic in murine cell lines but apparently not in cultures
of ovine derivation.

The slow infectivity, the clinical symptoms, and

in vitro transformation all lend evidence to a possible relationship,
even if not a close one.

Further work must be done with these viruses

before any definite conclusions can be drawn.
There is a possibility that the agent is merely a passenger
virus as the pathogenicity in animals has not been ascertained„

How

ever, this possibility appears remote since the agent was isolated from
all clinically afflicted animals but not from animals on ranches which
have never experienced the Weak Calf-Lamb Syndrome„

Furthermore, the

rise in antibody titer against this virus in animals recovering from
the syndrome tends to rule out a passenger virus condition.
It seems very likely that the viruses isolated are associated
with or responsible for the Weak Calf-Lamb Syndrome.

Positive isolation

was made from every animal clinically diagnosed with the syndrome.
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The fact that they have been isolated from some apparently normal
animals in possibly latent form may indicate the reason for the
enzootic state of the disease in a herd after initial exposure.
Further investigation will be necessary to determine if the
virus is the sole agent responsible for the disease.

The possibility

exists that the virus may in some way alter the immune response of the
young animal allowing secondary bacterial or other types of agents to
invade.

An autoimmune phenomenon may also be directly responsible for

the weakened condition of the newborn animals«,

The clinical picture of

this disease bears a striking resemblance to the runting disease of
thymectomized rodents.

The atropied thymuses of the lambs and calves

affected by the syndrome support this hypothesis.
Much additional work remains before the total picture of this
disease can be fully developed„

Foremost in priority to the animal

industry is the preparation of an effective vaccine.

Aside from the

obvious benefits to the ranchers a vaccine would provide further evidence
of the causal relationship of this virus to the Weak Calf-Lamb Syndrome,,
It is possible that this will be the only means of proving such a
relationship„

Inoculation of the virus into a newborn calf in an

attempt to reproduce the disease was unsuccessful.

Since the disease

occurs during pregnancy it may be necessary to infect pregnant heifers
with the agento

Recovery of the virus from fetal tissue indicates that

the animals can be infected in utero during some stage of pregnancy.
The route of administration of the virus may also be an important
factor in the successful reproduction of the disease.

A virus which

is infective when administered intranasally may not be when given
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intravenously.
Further work is necessary with other cell lines.

The possi

bility exists that some unexplored cell line will show maximum
sensitivity to the virus.

Bovine amnion is currently being investi

gated although no definitive results have yet been attained.
The susceptibility of wild animals should be investigated.
Elk and deer may be carriers of the agent in the wild.

Cell cultures

derived from these animals might give further clues to the epizootiological pattern of the disease.

Study of these animal systems might

reveal the natural host of this virus, if it is not originally of ovine
or bovine origin.

CHAPTER V

SUMMARY

Dr. J.K. Ward, a Montana veterinarian, recognized an apparently
new cattle disease in 1963.

Montana ranchers named this disease the

"Weak Calf Syndrome" since it was characterized by aborted and weak
calves.

A similar disease of sheep was discovered by Dr. S.E. Taylor.
Viruses were isolated from ovine and bovine cell cultures derived

from affected animals.

Virus infected cells were identifiable only

when stained with hematoxylin and eosin.

Cells grown in culture for

14 days were characterized by eosinophilic staining foci and many intra
nuclear inclusion bodies.

Prolonged growth of cultures for several

months led to the development of large cell masses.

From these masses

grew out colonies of small, epithelioid cells which were considered to
be virus transformed„
Inclusion body formation was transferrable through passage of
supernatant fluid from naturally infected cells.

The viruses were

able to stabilize cells at monolayer growth conditions.

Experiment

ally infected cells showed increased acid production and an accelerated
growth rate„

Cross infection of ovine and bovine derived cell lines

was demonstrated,,

The cytopathic effects associated with the sheep

and cattle viruses were indistinguishable.

Attempts to increase virus

titer by rapid passage of supernatant fluid from infected cells were
unsuccessful.

Tests indicated that the viruses were able to infect

only cattle and sheep derived cell lines.
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Attempts to infect cultures
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of human, simian, caprine, and porcine origin were unsuccessful.
viruses were stable at -70°C for over 1 year.
appeared to be deoxyribonucleic acid.
sensitive but heat resistant.

The

The viral nucleic acid

The viruses were ether and acid

Hemagglutination and complement fixation

tests were negative.
Based on chemical and physical characteristics the viruses
appeared to belong to the herpesvirus group.

The isolates seemed to

be closely related to each other, based on cross infectivity, cross
neutralization, and agglutination studies with virus transformed cells.
Virus neutralization by convalescent but not acute serum plus the fact
that virus was isolated from the tissues of every clinically diagnosed
animal which was grown in cell culture indicated that the viruses were
causally related to the Weak Calf-Lamb Syndrome.
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